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,QWURGXFWLRQ
7KHUHDOL]DWLRQRIWUDQVSRUWLQIUDVWUXFWXUHSURGXFHVVLJQLILFDQWHIIHFWVRQWKHHFRV\VWHPWKHHFRQRP\DQGWKXV
RQ VRFLDO SURGXFWLYLW\ JLYHQ WKH FRQVLGHUDEOH FRQVXPSWLRQ RI QRW UHQHZDEOH UHVRXUFHV HQYLURQPHQWDO HQHUJ\
HWF7KH ODFNRIDGRSWLRQRIVXVWDLQDEOHSUDFWLFHV LQWHJUDWHG LQ WKHGHVLJQRIURDGVUHVXOWLQJLQLPSRVVLELOLW\WR
PDNHFKRLFHVWKDWOHDGWRVXVWDLQDEOHXVHRIUHVRXUFHVQHHGHG7KXVWKHLGHDDQGWKHQHHGIRUWKHIRUPXODWLRQDQG
VXEVHTXHQWLPSOHPHQWDWLRQRIDV\VWHPIRUGHILQLQJDQGDVVHVVLQJVXVWDLQDELOLW\WHFKQLTXHVXVHIXOIRUWKHGHVLJQ
FRQVWUXFWLRQRSHUDWLRQDQGPDLQWHQDQFHRIURDGFRQVWUXFWLRQZDVERUQ6XFKDV\VWHPPD\DOORZWR
• (QFRXUDJHWKHFRQWLQXRXVJURZWKRIVNLOOVVSHFLI\LQJWKHDFWLYLWLHVPRUHFRQWULEXWLQJWRWKHVXVWDLQDELOLW\
• ,PSURYHLQIUDVWUXFWXUHSHUIRUPDQFHE\GHILQLQJWKHREMHFWLYHVWREHDFKLHYHG
• 0HDVXUHWKHHQYLURQPHQWDOEHQHILWVHFRQRPLFDQGVRFLDOLVVXHVUHODWHGWRLGHQWLILHGGHVLJQSUDFWLFHV
• 'HILQHDQGLPSOHPHQWVXVWDLQDELOLW\SROLFLHV
• (QFRXUDJHWKHGHYHORSPHQWRILQQRYDWLYHSUDFWLFHVDQGH[FHOOHQFH
• 'LIIXVHWKHFXOWXUHRIVXVWDLQDELOLW\DPRQJWKHSULYDWHDQGSXEOLFVWDNHKROGHUVLQIUDVWUXFWXUHGHVLJQHUV
GUDIWLQJRISHUIRUPDQFHFRQWUDFWFRQVXOWDQWVORFDODXWKRULWLHVIRUPXODWLRQRIWHQGHUUHTXLUHPHQWVURDGV
RZQHUVPDQDJHUVIRUPDLQWHQDQFHDQGRSHUDWLRQFRQWUDFWRUVUHVHDUFKLQVWLWXWHV
7KHFRQFHSWRIVXVWDLQDELOLW\
7KH FRQFHSW RI VXVWDLQDELOLW\ VXPPDUL]HV WKH FRPSOH[ LVVXH RI FRPSDWLELOLW\ JOREDOO\ EHWZHHQ HFRQRPLF
HQYLURQPHQWDO DQG KXPDQ YDOXHV 7KH WUHDWPHQW RI WKLV WKHPHZDV ERUQ IURP WKH DZDUHQHVV RI D IXQGDPHQWDO
FRQWUDGLFWLRQEHWZHHQWKHJURZWKRIWKHJURVVPDWHULDODQGOLPLWHGUHVRXUFHV$ILUVWUHDOL]DWLRQRIWKLVVLWXDWLRQ
GDWHVEDFNWRWKHSXEOLFDWLRQE\WKH&OXERI5RPHRIWKHUHSRUWHQWLWOHG7KH/LPLWVWR*URZWK0HDGRZV'
 LQZKLFKVKRXOGEHHPSKDVL]HG WKDW WKH WHUPJURZWKGRHVQRW UHIHU WRDQ LQFUHDVHSXUHO\TXDQWLWDWLYHRI
HFRQRPLFLQGLFDWRUVUDWKHUWKDQWKHTXDOLWDWLYHGLPHQVLRQ
6XVWDLQDELOLW\LVDJOREDOYLHZRIDIRUPRIGHYHORSPHQWQRWRQO\HFRQRPLFEXWDOVRVRFLDOLQZKLFKHFRQRPLF
JURZWKRFFXUVZLWKLQWKHOLPLWVRIHFRORJLFDOHFRV\VWHPV,IWKHPDQFRQVXPHVPRUHWKDQWKHHQYLURQPHQWFDQ
SURYLGHRULIKHSROOXWHVWKHUHVRXUFHVLQVKRUWWKHUHZLOOEHQRSRVVLELOLW\RIVXVWDLQDEOHGHYHORSPHQWDVGHILQHG
LQWKHUHSRUWSUHSDUHGE\ 
81(38QLWHG1DWLRQV(QYLURQPHQW3URJUDPPH LQNQRZQDV WKH%UXQGWODQG
5HSRUWIURPWKHQDPHRILWVFRRUGLQDWRUSXEOLVKHGLQ,WDO\XQGHUWKHWLWOH2XU&RPPRQIXWXUH,WVWDWHVWKDW
VXVWDLQDEOH GHYHORSPHQW LV WR EH XQGHUVWRRG DV GHYHORSPHQW WKDW  PHHW WKH QHHGV RI WKH SUHVHQW ZLWKRXW
FRPSURPLVLQJWKHDELOLW\RIIXWXUHJHQHUDWLRQVWRPHHWWKHLURZQQHHGV7KHFRQFHSWRIVXVWDLQDEOHGHYHORSPHQW
LPSOLHV OLPLWV QRW DEVROXWH EXW XQGHU WKH SUHVHQW VWDWH RI WHFKQRORJ\ DQG VRFLDO RUJDQL]DWLRQ LQ WKH XVH RI
HQYLURQPHQWDOUHVRXUFHVDQGWKHFDSDFLW\RIWKHELRVSKHUHWRDEVRUEWKHHIIHFWVRIKXPDQDFWLYLWLHV
7KH WHUP VXVWDLQDEOH GHYHORSPHQW WKHUHIRUH LV WKH GHYHORSPHQW FRPSDWLEOHZLWKPDLQWDLQLQJ WKH UHVRXUFHV
QHFHVVDU\WRWKHOLIHRIKXPDQVDQGRWKHURUJDQLVPVRQWKHSODQHWWKHHQYLURQPHQWDQGWKHTXDOLW\RIKXPDQOLIH
,WIROORZVWKDWZHQHHGDJOREDODQGSUHYHQWLYHUDWKHUWKDQFXUDWLYHDSSURDFKDQGQRWMXVWDJRRGUHJXODWLRQVLQ
ZKLFKLQGLYLGXDOPHDVXUHVWKHPVHOYHVPXVWEHLQWHUQDOO\FRQVLVWHQWDQGUHIOHFWDFRPPRQVWUDWHJLFSODQZHZLOO
UHTXLUHWRSROLFLHVDQGFDSDFLW\FXOWXUDOWRFRQYLQFHWKHSHRSOHLQYROYHGLQWKHFRQVWUXFWLRQRIQHZOLIHVW\OHV>@
³6XVWDLQDEOHURDG´GHILQLWLRQ
%DVHGRQWKHDERYHGHILQHGLWLVQHFHVVDU\WRSURYLGHDGHILQLWLRQRIURDGVVXVWDLQDELOLW\EDVHGRQWKHFRQFHSW
RIVHOIVXIILFLHQF\7KHURDGLVVXVWDLQDEOHLIDEOHWRUHDFKGXULQJWKHSKDVHVRIFRQVWUXFWLRQPDLQWHQDQFHDQG
RSHUDWLRQ WKH REMHFWLYHV XQGHUO\LQJ WKH GHVLJQ UHJXODWLRQV REVHUYDQFH VDIHW\ IOXLGLW\ RI PRYHPHQW
PDLQWHQDQFH HQHUJ\ HIILFLHQF\ WUDQVSRUW FDSDFLW\  LQ D VHOIVXIILFLHQWZD\ VR WKDW WKH V\VWHP URDG LV VHOI
VXVWDLQLQJDQGWKHQLWFDQXVHHIIHFWLYHO\DQGHIILFLHQWO\UHVRXUFHVDQGQRQUHQHZDEOHPDWHULDOVIRULWVQHHGVDQG
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HQVXUHVUHSURGXFLELOLW\ZKLOHPDLQWDLQLQJWKH7KHUHIRUHWRGHVLJQ6XVWDLQDEOH5RDGVLVQRWHQRXJKWRGHDOZLWK
LVVXHVRIVLWHPDQDJHPHQWUHF\FOLQJRIPDWHULDOVSURFXUHPHQWRIUHVRXUFHVHQHUJ\HIILFLHQF\ZDWHUHIILFLHQF\
DLUSROOXWLRQHWFEXWZHPXVWDGGUHVVDOOWKHLVVXHVLQDV\VWHPLFZD\E\RSWLPL]LQJWKHLQWHUUHODWLRQVKLSV>@
6KRUWRYHUYLHZRIWKHLQWHUQDWLRQDOUHVHDUFK
,Q WKH 86 VWDUWLQJ IURP ZKDW WRRN SODFH LQ WKH EXLOGLQJ IURP WKH 86*%& 8QLWHG 6WDWH *UHHQ %XLOGLQJ
&RXQFLO IRU FHUWLILFDWLRQ RI HQYLURQPHQWDO VXVWDLQDELOLW\ /((' /HDGHUVKLS LQ (QHUJ\ DQG (QYLURQPHQWDO
'HVLJQ WKHPDQXDO IRUVXVWDLQDEOH URDG*UHHQURDGVQRZDWYHUVLRQZDVGHVLJQHGDQGGHYHORSHGE\ WKH
8QLYHUVLW\RI:DVKLQJWRQ8:LQFROODERUDWLRQZLWK&+0+LOO*UHHQURDGVLVDVXVWDLQDELOLW\UDWLQJV\VWHPIRU
WKHGHVLJQDQGFRQVWUXFWLRQRIURDGZD\VEDVHGRQDVHWRIEHVWSUDFWLFHVGHILQHGDVFUHGLWWKDWGHILQHDVFRUH
WKDW TXDQWLILHV WKH VXVWDLQDELOLW\ RI WKH SURMHFW 7KH IRXQGDWLRQ*UHHQURDGV DIWHU  \HDUV RI UHVHDUFK WHVWHG RQ
PRUHWKDQYDULRXVW\SHVRIURDGVFHUWLI\EDVHGRQWKHVFRUHUHDFKHGWKHOHYHORIVXVWDLQDELOLW\RIWKHHYDOXDWHG
URDG>@>@
,19(67LV WKHVXVWDLQDEOHKLJKZD\VVHOIHYDOXDWLRQ WRROGHYHORSHGE\ WKH)HGHUDO+LJKZD\$GPLQLVWUDWLRQ
86'HSDUWPHQWRIWUDQVSRUWDWLRQ,QYHVWLVDOVRDFROOHFWLRQRIEHVWSUDFWLFHVFDOOHGFULWHULDZKLFKDOORZV
WRLQWHJUDWHDQGPHDVXUHVXVWDLQDELOLW\LQURDGZD\VSURMHFWV&XUUHQWO\EHLQJHGLWHGDQGLPSURYHGYHUVLRQRIWKH
,QYHVW WRROZLOOEHUHOHDVHLQWKHVSULQJRI7KHWRROLVEHLQJGHYHORSHGZLWKRQJRLQJLQSXWIURPVWDWHDQG
ORFDO WUDQVSRUWDWLRQ DJHQF\ RIILFLDOV DQG VWDII DQG SURIHVVLRQDO RUJDQL]DWLRQV VXFK DV $$6+72 DQG $6&(
,19(67DOVRSURYLGHVDVFRUHWKDWGHILQHVWKHOHYHORIVXVWDLQDELOLW\DFKLHYHGEURQ]HVLOYHUJROGDQGSODWLQXP
>@
,Q*UHDW%ULWDLQ7KH/RQGRQ&RXQFLOV&DSLWDO$PELWLRQGHYHORSHGWKHWRRONLWIRUD6XVWDLQDEOH+LJKZD\V
0LQRU:RUNV&RQWUDFWWHVWHGE\&UR\GRQ&RXQFLOZKLFKSURYLGHVDVHULHVRIVWHSVWRHQVXUHWKHVXVWDLQDELOLW\
RISURMHFWVLQWKHHYDOXDWLRQSURFHVVRISXEOLFSURFXUHPHQW7KLVV\VWHPZDVGHVLJQHGWRDVVLVWLQWKHSURFXUHPHQW
RI KLJKZD\ VHUYLFHVPRUH VXVWDLQDEOH ,Q SDUWLFXODU WKH IROORZLQJ REMHFWLYHV DUH FRQVLGHUHG UHOHYDQW ,QFUHDVHG
UHF\FOHG FRQWHQW UHGXFHG WUDQVSRUW',67$1&(6ZKROH OLIH FRVW LPSRUWDQW FRQVLGHUDWLRQV UHGXFHG HQHUJ\XVH
DQG&2(PLVVLRQVZDVWHUHGXFWLRQ5HGXFLQJLPSDFWRQWKHFRPPXQLW\LHQRLVHDQGGLVUXSWLRQ>@
0HWKRGRORJLFDODSSURDFKIRUVXVWDLQDEOHGHVLJQ
,QDQDORJ\WRZKDWKDVEHHQGHYHORSHGLQWKHFLWHGLQWHUQDWLRQDOVWXGLHVZHGHILQHWKHIROORZLQJFULWHULDIRUWKH
PHWKRGRORJLFDO DSSURDFK RI D VXVWDLQDELOLW\ KDQGERRN 7KH VWHSV WR IROORZ WR LQWURGXFH VXVWDLQDELOLW\ LQWR WKH
URDGZD\GHVLJQDUHGHYHORSHGLQ)LJXUHEHORZ(DFKVWHSLQWHUUHODWHGLQDWLPHO\PDQQHUWRWKHQH[WFDQGHILQH
WKH RYHUDOO GHVLJQ SURFHGXUH LQ WHUPV RI VXVWDLQDELOLW\ E\ LGHQWLI\LQJ WKH PRVW DSSURSULDWH PHWKRGRORJLFDO
WHFKQLTXHVWRDFKLHYHWKHSURSRVHGVWUDWHJLFREMHFWLYHV
67(36XVWDLQDELOLW\JRDOVGHILQLWLRQ
:H GHILQH WKH SXUSRVH LQ WHUPV RI VXVWDLQDELOLW\ ZKLFK LV WR EH DFKLHYHG IRU HDFK RI WKH UHTXLUHPHQWV
LGHQWLILHGLQ6WHSVDQG
67(3$VVRFLDWHGEHQHILWVGHILQLWLRQ
8VHIXO VWHS IRU WKH XVH RI WKHPHWKRGRORJ\ IRU WKH FKRLFHV EHWZHHQGLIIHUHQW SURMHFWV WKDW FDQQRW EH EDVHG
VROHO\RQWHFKQLFDOHOHPHQWVEXWDOVRLQWHUPVRIWKHEHQHILWVDVVRFLDWHGHQYLURQPHQWDOVRFLDOHWF«
67(33URMHFWEDVLFUHTXLUHPHQWVGHILQLWLRQ
:HGHILQH WKHEDVLF UHTXLUHPHQWV WREHXQGHUVWRRGDV WKHDFWLYLWLHVSURFHGXUHVDQDO\]HVVWXGLHV  WKDW WKH
SURMHFWPXVW LQFOXGHDQG LQFOXGH WKHPRVWFULWLFDODVSHFWVRIVXVWDLQDELOLW\ HQYLURQPHQWDODVSHFWV UHODWHG WR WKH
VLWHV FURVVHG UHODWLRQV EHWZHHQ WKH URDG DQG VXUURXQGLQJ HQYLURQPHQW DVSHFWV RI PDLQWHQDQFH ZDVWH
PDQDJHPHQWQRLVHSROOXWLRQHWF
67(33URMHFWYROXQWDU\DQGLQQRYDWLYHUHTXLUHPHQWVGHILQLWLRQ
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:H GHILQH WKH YROXQWDU\ QRW PDQGDWRU\ UHTXLUHPHQWV WKDW PD\ KDYH JUHDWHU RU OHVVHU ZHLJKW LQ WHUPV RI
LPSDFWRQVXVWDLQDELOLW\DQGLQQRYDWLYHUHTXLUHPHQWVQRWDWWULEXWDEOH WRUHTXLUHPHQWVDOUHDG\LGHQWLILHGEXWDUH
H[FHOOHQWGHVLJQ
67(3$SSURDFKDQGPHWKRGVGHILQLWLRQWRDFKLHYHSURMHFWUHTXLUHPHQWV
:HVXJJHVWVSHFLILFPHWKRGVWUDGLWLRQDODQGXQLYHUVDOWKDWDOORZWRSXUVXHWKHSURMHFWUHTXLUHPHQW
67(3.H\SHUIRUPDQFHLQGLFDWRUVLGHQWLILFDWLRQ
:HLGHQWLI\WKHSHUIRUPDQFHLQGLFDWRUVRIWKHSHUIRUPDQFHUHTXLUHPHQWWREHLQFOXGHGLQSURMHFWFRQWUDFW
67(36WDQGDUGUHIHUHQFH
:H SURYLGH IRU HDFK UHTXLUHPHQW RI WKH SURMHFW WKH UHJXODWRU\ DQG OHJLVODWLYH UHIHUHQFH GHYLFHV WKDW FDQ
PHDVXUHWKHDFKLHYHPHQWRIWKHUHTXLUHPHQWV
67(3&XUUHQW6WDWHRIUHVHDUFK
:HSURYLGHIRUHDFKUHTXLUHPHQWRIWKHSURMHFWLQIRUPDWLRQDERXWWKHVWDWHRIUHVHDUFKXVHIXOIRUWKHGHVLJQ
67(3&DVHVWXGLHVH[DPSOHVDQGFDOFXODWLRQV
:HSURYLGHH[DPSOHVRIFDOFXODWLRQDQGVWUDWHJLHVIRUWKHGHWHUPLQDWLRQRIVDWLVIDFWLRQRIWKHUHTXLUHPHQW
67(3&ULWHULDIRUDZDUGLQJWKHVFRUHIRUWKHHYDOXDWLRQRIWKHSURMHFW
:HSURYLGHDV\VWHPEDVHGRQHQYLURQPHQWDOFDWHJRULHVLPSDFWHGZKLFKJLYHVWKHVFRUHIRUWKHHIIHFWVWKDW
WKHDFKLHYHPHQWRIREVHUYDQFHUHTXLUHPHQWOHDGVWRWKHDIRUHPHQWLRQHGFDWHJRULHV


)LJ6XVWDLQDELOLW\VWHSVIRUURDGGHVLJQ 
6XVWDLQDELOLW\LQURDGDFWLRQWKHJOREDOFRPIRUWLQURDGGHVLJQ
*OREDO &RPIRUW LV WKH VHW RI SK\VLFDO DQG PHQWDO VHQVDWLRQV GHSHQGHQW RQ WKH 0DQ5RDG9HKLFOH
(QYLURQPHQWVHWZKLFKJLYHWKHXVHUDVWDWHRISHUFHSWLRQRSWLPDOXVLQJWKHURDGLQDOODVSHFWVRIWKHRYHUDOO
SHUIRUPDQFHURDGLQYROYLQJWKHDFKLHYHPHQWRIV\QHUJLVWLFWULSOHREMHFWLYHRIVDIHW\HIILFLHQF\DQGHQYLURQPHQWDO
TXDOLW\,QWKLVVHQVHWKHVXVWDLQDELOLW\RISODQVDQGSROLFLHVPXVWWDNHLQWRDFFRXQWWKHIXQFWLRQDOEDODQFHRIWKH
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UHTXLUHGYDULDEOHVUHODWLQJWKRVHREMHFWLYHVERWKLQGLYLGXDOO\DQGJOREDOO\WKURXJKWKHHYDOXDWLRQRIWKHLUPXWXDO
LQWHUGHSHQGHQFHLQWKHGHVLJQFRQVWUXFWLRQRSHUDWLRQDQGPDQDJHPHQW>@
&RQVLGHUHGWKDWWKHSURFHVVRIGHVLJQFRQVWUXFWLRQPDLQWHQDQFHDQGRSHUDWLRQRIURDGLQIUDVWUXFWXUHLVXQLWDU\
WKHGHYHORSPHQWRIDOJRULWKPVWHFKQLTXHVDQGVWUDWHJLHVIRUREWDLQLQJDWWKHVDPHWLPHWKHSUHGHWHUPLQHGOHYHORI
VDIHW\HQYLURQPHQWDOTXDOLW\DQGHIILFLHQF\SHUPLWVWRHQVXUHREVHUYDQFHWRWKHUHTXLUHPHQWV

)LJ7KH*OREDO&RPIRUWLQWKHURDGPDQDJHPHQW
%\H[DPSOHDQGDVDSRVVLEOH LQLWLDOFRQWULEXWLRQ WR WKH WHFKQLFDOFRQWHQWRIDVXVWDLQDEOHURDGVPDQXDOZH
UHSRUWWKHUHVXOWVRIVRPHUHVHDUFKFRQGXFWHGLQ,WDO\RQPDLQWHQDQFHVWUDWHJLHVRQWKHUHXVHRIZDVWHPDWHULDOV
HQHUJ\ HIILFLHQF\ DQG URDG HQHUJ\ UHFRYHU\ ZKLFK KDYLQJ DV REMHFWLYH WKH JOREDO FRPIRUW DFKLHYHPHQW ORRN
V\VWHPLFDOO\REMHFWLYHVRIVDIHW\HIILFLHQF\DQGHQYLURQPHQWDOTXDOLW\WRHQVXUHVXVWDLQDEOHGHVLJQSURFHVVLQJ
7KHRSWLPL]DWLRQRIPDLQWHQDQFH
7KHPDLQWHQDQFHSROLFLHVDQG WKHRSWLPDOFKRLFHRI LQWHUYHQWLRQ LQ WHUPVRI UHVRXUFHVFDQSURGXFHERWKDQ
LQFUHDVH LQ WKH OHYHO RI HIILFLHQF\ VDIHW\ DQG TXDOLW\ ,W LV WKHUHIRUH QHFHVVDU\ WR GHILQH FULWHULD IRU SODQQLQJ
PDLQWHQDQFHDFWLYLWLHVWKDWDFKLHYHWKHEHVWFRQILJXUDWLRQIRUXVHRIWKHILQDQFLDOEXGJHWIRUWKHYDULRXVSRVVLEOH
VWDWHV RI WKH SDYHPHQW WDNLQJ LQWR DFFRXQW WKH RFFXUUHQFH RI RWKHU VWUDWHJLF REMHFWLYHV PLQLPL]DWLRQ RI WKH
JHQHUDOL]HGFRVWRIWUDQVSRUWDWLRQDGHTXDWHOHYHORIGULYLQJFRPIRUWDQGVDIHW\HWF
,QWKLVUHJDUGJUHDWLPSRUWDQFHLVWKHPDLQWHQDQFHRIWKHLQWHUYHQWLRQSURFHVVRSWLPL]DWLRQWKURXJKDQDO\VLVRI
UHODWLRQVKLSV EHWZHHQ GLIIHUHQW FODVVHV RI YDULDEOHV WKDW GHWHUPLQH WKH FRQGLWLRQV RI URDG VDIHW\ DQG
LPSOHPHQWDWLRQ RI DSSURSULDWH LQWHUYHQWLRQ VWUDWHJLHV WKDW RSWLPL]H WKH UHVRXUFHV XVH HQVXULQJ WKH EHVW OHYHO RI
IXQFWLRQDO HIILFLHQF\ DQG HQYLURQPHQWDO RI WKH URDG LQIUDVWUXFWXUH ,WPXVW WKHUHIRUH SURYLGH D GHFLVLRQ VXSSRUW
V\VWHPIRU WKH LPSOHPHQWDWLRQRI IXQFWLRQDO UHWUDLQLQJDV WRVHFXUH WKHQHFHVVDU\FRQGLWLRQVRI UHOLDELOLW\RI WKH
SURGXFWURDGDQGDWWKHVDPHWLPHWRRSWLPL]HWKHXVHRIUHVRXUFHV>@7KHDZDUHQHVVRIWKHVWDWHLQZKLFKWKH
V\VWHP LV VWDUWLQJ IURP IXQFWLRQDO DQG VWUXFWXUDO FRQGLWLRQV LV FHUWDLQO\ EDVLF SUHPLVH RI HDFK PDLQWHQDQFH
VWUDWHJ\ WR GHWHUPLQH D V\QWKHWLF LQGLFDWRU RI V\VWHP VWDWH 7KHVH FRQGLWLRQV DUH VKRZQ WRR LQ WKH*UHHQURDGV
0DQXDO Y   35 3DYHPHQW PDQDJHPHQW 6\VWHP DW SDJH  ZKHUH WKH ILJXUH 35  UHSUHVHQWV  WKH
SDYHPHQWFRQGLWLRQV UHODWHG WR DFFXPXODWHG D[OH ORDGV6RPH UHFHQW VWXGLHV KDYH VKRZQ WKDW WKHSUHVHQFH DQG
LQIOXHQFHRIIDFWRUVRIXQFHUWDLQW\LQWKHPDLQWHQDQFHSURFHVVPDNHVQHFHVVDU\WKHXVHRIVWRFKDVWLFPRGHOVZLWK
ZKLFKVWDUWLQJIURPWKHNQRZOHGJHRI WKH LQLWLDOVWDWHRQHFDQFDOFXODWH WKHVWDWHSUREDELOLW\GLVWULEXWLRQDW WKH
HQGRIWKHSHULRGFRQWUROOHGVWRFKDVWLFSURFHVV
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

)LJ6WDWXVLQGLFDWRUVRIWKHSDYHPHQWFRQGLWLRQV
7KXV JRLQJ EH\RQG WKH PRGHOV RI SUHYHQWLYH PDLQWHQDQFH FHUWDLQ NQRZOHGJH RI WKH VWDWH DQG FXUDWLYH
PDLQWHQDQFHPRGHOVNQRZOHGJHRIWKHVWDWHWDNHVDFWLRQRQO\ZKHQPDLQWHQDQFH\RXFDQLQFOXGHWKHXVHRID
VWRFKDVWLF G\QDPLF SURJUDPPLQJ VXFK DV SURFHVVHV GHFLVLRQ DQG WKH ODZRI D0DUNRY GHWHULRUDWLQJ V\VWHP LQ
ZKLFKHDFKPDLQWHQDQFHDFWLRQLVSHUIRUPHGE\VXFFHVVLYHVWHSVLQRUGHUWRFRQVLGHUDILQLWHQXPEHURISRVVLEOH
VWDWHV UDWKHU WKDQ WZR JRRG DQG IDLOHG RU WKUHH RI WKH SUHYLRXV PRGHOV LQ ZKLFK FODVVLI\ WKH V\VWHP
LQIUDVWUXFWXUH WKURXJKPRQLWRULQJ DQG NQRZLQJ WKH GHWHULRUDWLRQ DW DOO WLPHV LQ RUGHU WR GHFLGH WKH DOWHUQDWLYH
LQWHUYHQWLRQ,WUHPDLQVWREHHVWDEOLVKHGWKHQWKHRSWLPDOLW\FULWHULRQPLQLPL]DWLRQRIWKHDYHUDJHFRVWSHUXQLW
RIWLPHHWFLQRUGHUWRGHWHUPLQHWKHLQWHUYHQWLRQSROLF\)ROORZLQJWKLVDSSURDFKZHDVVXPHWKDWWKHVHWRI
SRVVLEOHDFWLRQVLVILQLWH/HWFLNWL «PN «.W «ILQLWHYDOXHVRIWKHDYHUDJHFRVWLQFXUUHGDW
WLPH W JLYHQ WKDW WKH V\VWHP LV REVHUYHG LQ VWDWH L DW WLPH W ZH HQYLVDJH WKH GHFLVLRQ GN ,W LV DVVXPHG WKDW
FLNW FLN LQGHSHQGHQW RI W ,QGLFDWLQJ DOVR ZLWK &W W « WKH DYHUDJH FRVW DW WLPH W DV D UHVXOW RI WKH
GHFLVLRQVWUDWHJ\'\RXZDQWWRJHWWKHVWUDWHJ\WKDWPLQLPL]HVWKHYDULDEOH>@




WKDWLVWKHDYHUDJHFRVWSHUXQLWRIWLPH
8VLQJ WKH WUDQVLWLRQSUREDELOLWLHVSLM RI D0DUNRY FKDLQ ^;W`ZLWK D ILQLWH VHW RI VWDWHV DOO EHORQJLQJ WR WKH
VDPHFODVVDQGHUJRGLFLWFDQEHVKRZQWKDWWKHIXQFWLRQWRPLQLPL]HEHFRPHV





VXEMHFWWRWKHFRQVWUDLQWVRIQRQQHJDWLYLW\[MN
,WLVDOVRVKRZQWKDWWKHVROXWLRQRIWKHDOJRULWKPH[LVWVDQGLWLVXQLTXHXVLQJWKHWHFKQLTXHRI0DUNRYFKDLQV
ZLWKUHJDUGWRWKHSUREDELOLW\RIWUDQVLWLRQEHWZHHQWKHSRVVLEOHVWDWHVRIWKHDUWHIDFWDQGDSSO\LQJWRWKHPDUXOH
H[FHOOHQWIRUDGHFLVLRQIRUPXODWHGDVDOLQHDUSURJUDPPLQJSUREOHP
8OWLPDWHO\E\DQDO\]LQJDYDULHW\RILQWHJUDWHGFRPSRQHQWVWKDWFKDUDFWHUL]HWKHGHJUDGDWLRQRILQIUDVWUXFWXUH
SROLFLHVRILQWHUYHQWLRQLQWHUPVRIULGHTXDOLW\IRUWKHXVHUDQGVDIHRSHUDWLRQIRUH[DPSOHDWORZHUFRVWDYHUDJH
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SHUXQLWRIWLPHPD[LPXPHIILFLHQF\LQRSWLPXPFRQGLWLRQVLQWHUPVRIWKHXVHRIHFRQRPLFUHVRXUFHVFDQEH
ZRUNHGRXW
7KHUHXVHRIZDVWHPDWHULDOVDVVHFRQGDU\UDZPDWHULDOV
7KHURDGFRQVWUXFWLRQSURGXFHVODUJHTXDQWLWLHVRIVROLGZDVWHWKDWPXVWEHPDQDJHGWKURXJKVSHFLILFSODQVWR
PLQLPL]HLWVGLVSRVDODQGUHGXFWLRQ7KHFKRLFHRIPDWHULDOVXVHGKDVLPSOLFDWLRQVIRUWKHFRQVWUXFWLRQWKURXJK
WKHF\FOHRIH[WUDFWLRQSURFHVVLQJ WUDQVSRUWDWLRQXVHDQGGLVSRVDO WKHXVHRIORFDOPDWHULDOFDQVXSSRUW WKH
ORFDOHFRQRP\DQGUHGXFHWKHWUDQVSRUW
5HVHDUFK RQ UHF\FOLQJ WHFKQLTXHV QDPHO\ WKH XVH RI VHFRQGDU\ PDWHULDOV WR UHSODFH QDWXUDO RQHV KDV
UHSUHVHQWHGDQGVWLOOUHSUHVHQWVDPDMRUFKDOOHQJHWRUHGXFHWKHHQYLURQPHQWDOFRVWVRISURFHVVLQJDOORZVWKHXVH
RI WKHUHVLGXDOPDWHULDOV UHVXOWLQJIURPPDQXIDFWXULQJSURFHVVHVE\ LQFUHDVLQJ WKHTXDOLW\RI WKH ILQDOSURGXFWV
6HYHUDO UHVHDUFKHV DUH EHLQJ WHVWLQJ WKH UHXVH RI XQXVHG UHVLGXDO PDWHULDOV IURP PDQXIDFWXULQJ SURFHVVHV LQ
YDULRXVLQGXVWULDOVHFWRUVIRUURDGSDYHPHQWFRQVWUXFWLRQJODVVUXEEHUUDYDQHWR7KHXVHRIWKH³UDYDQHWR´
D UHVLGXH RIPDUEOH SURFHVVLQJ KDV EHHQ HYDOXDWHG IRU H[DPSOH LQ&RUULHUH )  (W DO  ' >@7R
FKDUDFWHUL]H WKHPDWHULDOVVWDQGDUG WHVWVZHUHFRQGXFWHG LQ ODERUDWRU\ LWZDV IRXQG WKDW UHVLGXHV IDOOZLWKLQ WKH
OLPLWDWLRQUDQJHRIEDVHDQGIRXQGDWLRQVOD\HUVIRUURDGFRQVWUXFWLRQDQGSHUIRUPDQFHFRQWUDFWV)LJ
7KHHYDOXDWLRQRIWKHDFFHSWDELOLW\RIWKHPDWHULDOVWREHXVHGLVLQIDFWKLJKHUSULRULW\WKDQWRWKHODWHUVWDJHV
RIDQDO\VLV

/RZHU/LPLW=RQH
+LJKHU/LPLW=RQH
2EWDLQHG&XUYH
$YDUDJH&XUYH

)LJD=RQHOLPLWDWLRQDQGJUDQXORPHWULFFXUYHRIWKH)RXQGDWLRQ/D\HU 
/RZHU/LPLW=RQH
+LJKHU/LPLW=RQH
2EWDLQHG&XUYH
$YDUDJH&XUYH

)LJE=RQHOLPLWDWLRQDQGJUDQXORPHWULFFXUYHRIWKH%DVH/D\HU
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7DEOHVKRZVWKHUHVXOWVREWDLQHGIRUWKHIRXQGDWLRQOD\HURI/RV$QJHOHVWHVW&%5LQGH[DQG$$6+72WHVW
0RG LQ FRPSDULVRQZLWK WKH H[SHFWHG YDOXHV LQ WKH FRQWUDFW ,W LV DOVR UHSRUWHG LQ 7DEOH  WKH UHVXOWV RI WKH
0DUVKDOOWHVW
7DEOH&RPSDULVRQRIFRQWUDFWYDOXHVDQGWKRVHRIWKHWHVW OD\HURIIRXQGDWLRQ7DEOH$QH[DPSOHRIDWDEOH
/D\HURIIRXQGDWLRQ'PD[PP &RQWUDFWYDOXHV 7HVWYDOXHV
3URYD/RV$QJHOHV  
,QGLFH&%5
GRSRJJGLLPELEL]LRQHLQDFTXD
! 
3URYD$$6+72PRG  : 
*V JFP
7DEOH0DUVKDOOWHVW±OD\HURIIRXQGDWLRQ&RPSDULVRQRIFRQWUDFWYDOXHVDQGWKRVHRIWKHWHVWOD\HURIIRXQGDWLRQ
0DUVKDOO7HVW
%LWXPHQ 6WDELOLW\
0DUVKDOO>1@
6OLS>PP@ 5LJLGLW\>1PPÖ@
   
   
   
   

7KHUHVHDUFKFLWHGDERYHDOVRSHUIRUPHGDQHFRQRPLFDQDO\VLVDERXWWKHGLUHFWFRVWVUHODWHGWRWKHSURFHVVRI
H[WUDFWLRQDQGWUDQVSRUWDWLRQRIQDWXUDODJJUHJDWHLQDZLGHDUHDWKDWLQFOXGHVPXFKRIWKHSURYLQFHRI7UDSDQLDQG
WKHZHVWHUQSDUWRI3DOHUPRDQGVWUHVVHGWKHLQGLIIHUHQFHEHWZHHQWKHXVHRIQDWXUDO³UDYDQHWR´DQGDJJUHJDWH
7KHXVHRIUHVLGXDOPDWHULDOV³UDYDQHWR´DVUHF\FOLQJDOVRPHDQVKLJKHURSHUDWLRQVRIWKHFRPSDQLHVWKDWH[WUDFW
DQGSURFHVVWKHPDUEOHZKHUHWKHXQXVHGSRUWLRQLVDURXQGRIWRWDOH[WUDFWVLQFHLWZRXOGHOLPLQDWHWKH
FRVW RI SURYLVLRQ DQGGLVSRVDO DVZDVWH SURFHVVLQJ7KHJRDO RI ³UHGXFH OLIHF\FOH LPSDFWV IURPH[WUDFWLRQ DQG
SURGXFWLRQRIYLUJLQPDWHULDOV´LVFRQVLGHUHGWRRLQWKH*UHHQURDGV0DQXDOY055HF\FOHG0DWHULDOVDW
SDJH7KLV LV D IDYRUDEOH UHVXOW IRU WKH UHXVHRI ³UDYDQHWR´ERWK IURP WKH VWDQGSRLQW RI HQYLURQPHQWDO DQG
LQGXVWULDODSSOLFDWLRQVDVLWZRXOGVDWLVI\WKHGXDODGYDQWDJHRIUHGXFLQJWKHJURZLQJGHPDQGIRUQHZTXDUU\IRU
H[WUDFWLQJ WUDQVIRUPLQJ D FRVW DOORFDWLRQ RI WKH UHVLGXH LQ D SRWHQWLDO UHYHQXH JHQHUDWHG IURP WKH XVH RI
³UDYDQHWR´IRULQWHUYHQWLRQVLPSOHPHQWDWLRQDQGRUPDLQWHQDQFHRIURDGV
(QHUJHWLFHQYLURQPHQWDOHIILFLHQF\DQGHQHUJ\UHFRYHU\IURPWKHURDG
2QHRIWKHODVWFKDOOHQJHVRIDSSOLHGUHVHDUFKLVWRWKLQNWKHURDGOLNHDVSDFHWRSRWHQWLDOHQHUJ\FRQWHQW
,W LV SRVVLEOH WR SURGXFH HQHUJ\ IURP WKH SDVVDJH RI YHKLFOHV WKURXJK WKH XVH RI VSHFLDO JULGV SRVLWLRQHG
EHORZWKHURDGSDYHPHQWZKLFKH[SORLWWKHSUHVVXUHRIWKHYHKLFOHVLQWUDQVLWDQGFDSWXUHWKHNLQHWLFPRYHPHQWLQ
WKHEUDNLQJSKDVH7KHQWKHUHLVWKHSRVVLELOLW\RIFKDQQHOOLQJWKHHQHUJ\JHQHUDWHGE\WKHURDGOLJKWLQJV\VWHPV
ZLWKVPDUWJULGDOZD\VSODFHGEHORZWKHSDYHPHQW6ROXWLRQVDQGRWKHUWHFKQRORJLHVVXFKDVPLQLZLQGWXUELQHV
ZLWKYHUWLFDOD[LV WXUELQHVSKRWRYROWDLF LQVWDOODWLRQZLWKVRODUFHOOV V\VWHPVIRU WKH UHFRYHU\RI WKHUPDOHQHUJ\
IURPWKHJURXQGOLJKWLQJV\VWHPVZLWK/('VRQWKHURDGVLGHVKLJKFDSDFLW\VRXQGDEVRUELQJSDQHOVHWFFDQEH
LQVWDOOHG DORQJ WKH URDG DQG FRQWULEXWH WR WKH SURGXFWLRQ DQG UHFRYHU\ RI HQHUJ\ IURP WKH URDG LWVHOI VHH IRU
H[DPSOH *UHHQURDGV0DQXDO Y   05 (QHUJ\ HIILFLHQF\ )LJXUH  VKRZV WKH HFRQRPLF HQHUJHWLF DQG
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HQYLURQPHQWDOGLDJUDPRIWKHSURMHFW7RWDO7RRO=HUR.PURDGIRUNPRIURDG>@5HFHQWO\RWKHUUHVHDUFKHV
DUHGHYHORSHGDERXWHQYLURQPHQWDOLPSOLFDWLRQVRIWUDIILFIORZGHOD\V>@


)LJ(QHUJ\HQYLURQPHQWHTXDWLRQ7RWDOWRRO.P]HURURDG
&RQFOXVLRQV
7RGD\LQ,WDO\WKHUHODWLRQVKLSEHWZHHQURDGGHVLJQDQGHQYLURQPHQWLVHVVHQWLDOO\OLPLWHGWRWKHSUHSDUDWLRQRI
³HQYLURQPHQWDOLPSDFWVWXGLHV´WKDWDUHWUDQVODWHGLQWRDVHWRIPLWLJDWLRQPHDVXUHVPRUHRUOHVVHIIHFWLYHRIWKH
URDG RQ WKH HQYLURQPHQW ZKLOH WKHUH DUH QR VXVWDLQDEOH SUDFWLFHV LQWHJUDWHG LQ WKH GHVLJQ RI URDGV DQG VR LV
LPSRVVLEOHWRPDNHFKRLFHVWKDWOHDGWRVXVWDLQDEOHXVHRIUHVRXUFHVQHHGHG
7R DFKLHYH URDGV VXVWDLQDELOLW\ LV QHFHVVDU\ WR GLVVHPLQDWH WKH FXOWXUH WUDQVIRUPLQJ WKH ZD\ WKH URDGV DUH
GHVLJQHG FRQVWUXFWHG PDLQWDLQHG DQGPDQDJHG LQFOXGLQJ WKURXJK UDLVLQJ DZDUHQHVV RI DOO WKRVH LQYROYHG LQ
SURFHVVRIFRQVWUXFWLRQRIURDGVRQWKHLPSDFWWKDWWKH\KDYHRQWKHTXDOLW\RIOLIHRIFLWL]HQV7KHUHIRUHFRQWUDU\
WRZKDWKDSSHQVZHQHHG WR WKLQNRUJDQLFDOO\ WR WKHDSSOLFDWLRQRIVXVWDLQDELOLW\ LQURDGGHVLJQDQGWKHQPDNH
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